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1. Abstract 
 
Two repeating FRB sources, FRB180916 (CHIME/FRB Collaboration, 2020) and 
FRB121102 (Rajwade, et al., 2020) display behavior in periodic windows (PWB) in the 
times of FRB detections. Events displaying PWB occur not strictly periodically, but within 
a periodic window spanning some fraction of the period; no events occur at all during 
many of the periods in the data set, however. During 2020 May, coincident X-ray bursts 
and fast radio bursts (FRBs) observed from SGR1935+2154 (GCN 27675) established a 
clear link between at least some FRBs and magnetars, the apparent source of SGR 
bursts, in line with several theoretical models. Examination of X-ray burst data on 
SGR1935+2154 from 2014 through 2020 from IPN (Interplanetary Network) X- and 
Gamma-ray instruments suggested these data might also display PWB. Applying a 
periodic folding analysis to our largest data sample, a minimum window fraction of 56% 
covered all burst times at a 232 day folding period. The data are inhomogeneous by most 
measures, with various biases, and cover only 6 bursting episodes; discovering only one 
or a few events outside of our proposed window and periodicity could negate or seriously 
reduce the scope of these conclusions. However, for several sub-samples of the data, 
the same period gives the minimum window fraction, and for all sub-samples, this period 
yielded among the lowest window fractions, including when either of the two episodes 
with the most numerous bursts were removed. These checks suggest the result is robust 
for the given data. Some kind of periodicity in the X-ray bursts of this SGR should 
therefore provide useful hints as to the mechanism behind at least some SGR X-ray 
bursts, and by association, FRBs.  
 
2. Introduction 
The year 2020 has been unprecedented in the study of transients, in that the number of 
cosmological FRB detections has exploded, and this previously believed extragalactic 
phenomenon was observed in a known galactic soft gamma-repeater, SGR1935+2154, 
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with simultaneous X-ray bursts (Gamma Coordinates Network, GCN, notice #27675). 
There may be important caveats to the precise relation of the SGR1935 event and 
cosmological FRBs (e.g., Margalit, et. al. 2020), but the event proves that FRBs can be 
made by SGR (putatively magnetar) sources, and that FRBs may be accompanied by X-
ray bursts. The latter point raises the emission physics question, “what is the set of 
physical processes/events that results in both X-ray bursts and FRBs?” There are many 
forms of inquiries that may be undertaken to shed light on this question. Attempting to 
measure the spectrum simultaneously from as much of radio to gamma-ray frequencies 
as possible would help make and test emission mechanism models. However, another 
surprising recent discovery gives a different mode of inquiry:  Windowed periodic behavior 
of repeating FRBs.  
 
Periodic activity windows have been thus far reported for two repeating FRB sources, that 
of FRB121102, P~157 days and activity cycle 56% (Rajwade, et al., 2020) and 
FRB180916, P=16.35 days, ~25% activity cycle (CHIME/FRB Collaboration, 2020). 
Bursts are measured only within the periodically occurring windows, but a high fraction of 
these periods may contain zero detected bursts. (Note, however, that whether the 
windows without bursts are 100 % burst-free is not truly known, since the sources have 
not been observed without interruption for the entire windows at high sensitivity thus far.)  
 
Behavior within a periodic window suggests that either some of the causal conditions for 
the behavior occur periodically, a “gating” mechanism, or that conditions for observing the 
behavior occur periodically, i.e. a “shutter”/alignment mechanism. Most of the magnetars 
known have a measured pulsation period, believed to be the spin period of the neutron 
star.  These are in the range of 2-12 s (Younes, et al., 2017) and are very far from the 
windowed periods reported. 
 
SGR1935+2154 (aka SGR J1935+2154) was discovered in 2014 July (Stamatikos, 
2014). Much of the information known about this source from observations up to 2016 are 
given in (Younes, et al. 2017). It has been detected by several X-ray instruments and in 
radio. It is associated with the supernova remnant G57.2+0.8.  
 
3. Data 
  
3.1. SGR1935 Bursts Overview 
SGR bursts are usually reported in the Gama-Coordinates Network (GCN) SGR Archive.  
Table 1 offers a summary of these reports. There appears to be a dichotomy of events,  
events with many bursts over numerous days, of duration ~31-43 days, or those bursts 
detected on just one or two days. For on/off shutter/align mechanisms (see Introduction), 
the much shorter or less numerous burst episodes cannot be dismissed or given 
substantially reduced weight. (For a more probabilistic view, it may be appropriate to 
weight bursting activity by episode duration, number of bursts per episode, etc.) 
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Table 1- Summary of Bursting Activity from the GCN Archive 
Episode Firstdetect Lastdet Center Dur(d) Summary 
2014-07 2014-07-05 07-05 07-05 1 Single day activity BAT 
2015-02to04 2015-02-22 04-12 03-15 43 A few BAT and 1 K-W 
burst 
2015-12to 
2016-02 
2015-12-21 02-01 01-10 40 2 bursts, Integral, Fermi 
2016-05to06 2016-05-18 06-25 06-05 41 12 K-W bursts 
2019-10to11 2019-10-04 11-05 10-20 33 3 K-W, various BAT 
bursts 
FRB2020-
04to05 
2020-04-10 05-10 04-25 31 1 Simultaneous 
FRB+"forest of bursts" 
Firstdetect = first incidence of detection in this episode; Lastdet = last GCN detection in 
this episode; Center = midway between first and last detections; Dur = Duration, in days. 
Note that the 2016-02 burst is apparently not explicitly given in the GCN archive, and in 
the K-W data it is only a one burst/one day episode.   
 
3.2. Selection  
In an ideal world, an instrument with uniform sensitivity to some burst criteria would 
continuously monitor a given source, and then analyzing all bursts, one could make a 
definite statement about periodicity or other behaviors within these parameters. In reality, 
there are many non-idealities to SGR data.  A number of instruments operate with widely 
varying sensitivities, with many inherent periodicities including sensitivity, background, 
coverage duty cycle, etc. Further, if one instrument detects a bright burst, then other 
instruments with widely varying sensitivity will frequently schedule observations at some 
time soon after this, yielding bias toward clusters of bursts after a bright burst. Even this 
type of coverage is not uniform, however, due to observing constraints. At some level, 
particularly for faint bursts, the reporting of a burst in acquired data depends on the data 
reduction, mostly through the burst criteria (but also through background subtraction 
methods and other, sometimes model-dependent factors).  
 
Many bursts between 2014 and 2016 are reported and analyzed in (Younes, et al., 2017), 
and constitute burst episodes beginning 2014 July 05, 2015 Feb 22, and 2016 May 14, 
and 2016 June 18. Their displays of bursts vs. date (but not their full analysis) are from 
bursts detected by IPN instruments, including the Konus instrument (10-770 keV) aboard 
the Wind spacecraft (K-W), stationed at L1. K-W provides a nearly continuous, 
unobstructed view of the entire sky, an excellent set of properties for timeseries 
monitoring.  The main downside to these data is that much more sensitive instruments 
exist, and weaker bursts are missed. If shutter/align phenomena are of primary interest, 
it is more important to include all bursts than to have a uniform sensitivity. One cluster of 
bursts from K-W, on 2019 Nov 4 and 5 (GCN 26242), was not reported by any other 
instrument. This demonstrates the almost complete time coverage of this instrument, 
even though the collecting area is rather small. It also demonstrates the problem of 
sensitivity vs. coverage; if other instruments covered the event, they might have found 
many weaker bursts covering a much wider time window.  
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All confirmed bursts from the source detected by any spacecraft in the IPN (Interplanetary 
Network) (including K-W, Fermi GBM, and Swift-BAT), through 2020 March, were 
obtained from the IPN website.  These data notably do not include the 2020 FRB episode.  
 
To supplement the IPN data in 2020, these steps were followed for additional data : 
 
• The GCN SGR circulars header list were searched for all mentions of the character 
string “1935”.   
 
• Every detection of any kind of burst from SGR1935 above 1 keV was noted. K-W 
detections generally represented the activity detected, and so for uniformity, only K-W 
detections were used. Not all burst times were explicitly given, however, GCN 27631 on 
2020 Apr. 21 gives 17 bursts in the episode. An earlier GCN explicitly gave one burst on 
Apr. 10, so the remaining 16 were therefore distributed approximately evenly from Apr. 
11-21. 
• A “Forest of Bursts” was reported in GCNs for 2020-04-28. Other spacecraft report up 
to 35 bursts (Swift-BAT; GCN27665) in a period of a few hours, and this cluster of bursts 
appears to be among the most numerous of all from SGR1935+2154. Such a large 
number of bursts on a single day dominates our data set. In GCN 27667 K-W reports 
“several tens of bursts” in a short period.  Thirty bursts were therefore added to our data 
on this date, an approximate number. 
 
The following data selections were analyzed:  
 
IPN Plus (IPN+) – All IPN bursts to 2020 March plus the K-W bursts reported in GCNs 
as given above.  
 
K-W Only (KWO) – Only the K-W bursts given in the GCNs.  
 
Unrestricted Equal Weight Episodes- (UEW) We use the average long episode 
duration, 37 days, and distribute the same number of bursts over 37 days around the 
center of all 6 episodes.  
 
We offer two additional samples in order to test the sensitivity of our result to removing a 
single large burst episode. IPNA is the IPN+ selection with the 2016 episode removed. 
IPNB is the IPN+ selection with the 2020 episode removed.  
 
 
4. Analysis 
4.1. Search & Selection Method 
Periodic behavior, especially in pulsar studies, typically uses Fourier analysis, or Lomb-
Scargle Periodograms. These can give poor results for sparsely and unevenly sampled 
data, and all the more so for not truly periodic behavior. Folding data into finite “phase” 
bins has been used in many contexts, and various methods are used to determine the 
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best period, such as maximizing the chi-squared, (that is, the sum of the data minus the 
global average among the phase bins, squared, divided by sigma squared) and the 
minimum string length method. These methods are not optimum for this task (e.g. the chi-
squared maximization will favor a narrow peak, though it’s not clear such a peak would 
be the correct answer) and were not used.  
 
As we are looking for windowed periodic behavior, we simply judged folded profile periods 
by the smallest window that would contain all the data, or w100, expressed as the fraction 
of the period covered by the window. This statistic is calculated without regard to the peak 
profile, i.e. it is not symmetric about the folded profile peak. We folded our data at a range 
of trial periods with finite steps and 10 phase bins for our profile plots (we do not use the 
chi-squared statistic for any discrimination, but it is calculated for this binning). We noted 
both the minimum w100 widths and the presence of any obvious “dip structure” in the 
w100 vs. width plot. Three of the four burst episodes occur within about 800 days, 
therefore, we searched for periodicities between about 100 and 400 days.   
 
5. Results 
 
The results of our period folding and w100 measurements are summarized in Table 2. 
Fig.s 1-3 show the w100 vs. period plots for some of our selections.  Figure 1 shows, for 
the IPN Plus data selection, that a minimum of w100 occurs at the center of a resolved, 
smooth dip, at a period of 232 days; we argue this 232 day period best represents the 
PWB bursting behavior.  
 
In the K-W Only data selection, the fourth lowest width is at 236 days, nearby the 232 day 
period above. In the IPN A and B selections with 2016 and 2020 episodes removed, the 
minimum w100s are at 272 and 232 days, respectively, however, 232 days is the fourth 
lowest period in A, and also has a clear dip in the width vs period plot.   
 
In the Unrestricted Equal Weight selection, the 236 day period minimized w100, but 232 
days gave the third lowest value of w100.  
 
The folded data give a folded “phase profile” (Figure 5; two cycles are shown, following 
standard astronomical convention). This profile is not like a pulsar or other periodic 
behavior profile; it should not suggest there is a clear burst probability vs. phase function. 
There are simply not enough data within each window (just two points in some episodes) 
to draw a significant conclusion about structure within the window. The profile could easily 
change with future data, even if such data are consistent with the activity windows we find 
here. The profile does show a peak, however, we note that giving all bursting episodes a 
broad, equal weight (the UEW selection) yields almost the same resulting period as the 
IPN Plus selection. 
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Table 2  Samples, Trial Periods, and 100% Width 
Sample      
Period(d) 
      w100    Chi-
sq 
*IPN+ 232 0.556 252.400 
IPN+ 236 0.563 225.388 
IPN+ 228 0.613 175.709 
IPN+ 240 0.625 235.159 
*IPN+ 280 0.632 271.569 
*IPN+ 396 0.680 186.493 
*IPN+ 152 0.684 183.329 
*IPN+ 172 0.684 221.805 
*IPNA 268 0.450 135.702 
IPNA 272 0.459 140.460 
IPNA 276 0.466 139.043 
*IPNA 232 0.485 133.832 
IPNA 236 0.517 187.640 
*IPNA 316 0.534 142.052 
*IPNA 152 0.541 133.225 
*IPNB 232 0.556 143.512 
IPNB 236 0.563 155.607 
IPNB 240 0.570 200.942 
IPNB 244 0.577 249.495 
IPNB 248 0.593 226.781 
*IPNB 280 0.632 148.383 
*IPNB 396 0.650 170.087 
KWO 204 0.229 29.1633 
KWO 200 0.340 24.4643 
KWO 208 0.346 22.8670 
KWO 236 0.363 22.8670 
*KWO 140 0.378 22.8670 
*KWO 240 0.395 22.5499 
*KWO 304 0.486 133.103 
*UEW 236 0.529 244.120 
*UEW 176 0.539 214.486 
UEW 232 0.545 206.273 
UEW 240 0.558 274.981 
*UEW 276 0.597 203.373 
*UEW 112 0.633 186.039 
The table above lists the lowest 5 w100 values for each data selection, plus additional minima of 
interest. The strongest obvious minima, identified by eye, in the plots of w100 vs. period, are noted 
with an asterisk.  
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Figure 1 W100 vs. period for the IPN+ selection. The minimum gives our preferred 232 day period. 
 
Figure 2  W100 vs. period for the KWO selection. The deepest minimum is at 204 days, but another is present at 232 
days. This data sample is much smaller than the previous. 
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6. Discussion 
 
The data cover only six bursting episodes; one consists of only two burst detections, and 
another covers only one day. A single future episode of many bursts badly out of phase 
with our preferred periods would radically change our results. Therefore, we can not say 
with certainty that the observed PWB could not be overturned by later observations.  
However, several points give us confidence that little will change with re-analysis or 
additional data in the epochs we cover.   
 
First, the results are remarkably insensitive to re-distribution of bursts within an episode: 
truncation of the largest number of bursts/day to the next largest number had little effect 
on the w100 minima, and similarly for re-distributing the 2016 May-June bursts throughout 
the period, or placing them all in a single day. Second, selecting or de-selecting any given 
two episodes had equally little effect on the results, i.e. the results for IPNA and IPNB 
were very similar to IPN Plus. Third, the consistency of results, the presence of a 
significant minima in w100 near 232 days in all sub-samples, also suggest a robust result.  
 
 
 
Figure 3  W100 vs. Fold Period for the UEW selection. There is a prominent dip at 232-240 days.  
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6.1. Robustness of Results 
 
Figure 4 IPN+ selection bursts and windows.  
 
 
Figure 5  Folded profile of IPN+ at 232 d period; note profile is repeated twice (following astronomical convention).  
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6.2. Windowed Periodicity 
Windowed periodicity, as observed here and in repeating FRBs, is not as yet associated 
with a physical mechanism.  At first glance, one might wonder if the influence of an orbital 
companion might produce the periodic behavior at such a long period.  Magnetars are 
almost by definition isolated neutron stars (NS) powered by magnetic energy (e.g. 
Mereghetti, 2008) and have distinct properties from X-ray binaries. Interestingly, however, 
one of the most well-observed SGRs, 1806-20, is thought to have a companion (van 
Kerkwijk, et. al. 1995), though no accretion activity is proposed, and no orbital period has 
been measured.  
 
As covered in the introduction, SGR1935-2154 is important in that it connects galactic 
magnetars (or at least one) to FRB and SGR emissions. Models for these events may 
invoke pair production involved in the soft gamma bursts (generally believed to originate 
in crust disturbances) and a magnetospheric interaction to produce the FRB relatively 
 
Figure 6  Bursts and the windows for the UEW selection folded at 232 day period.  
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nearby the surface (Kumar & Bošnjak 2020; Kumar et. al. 2017), or e.g. a jet and shock 
model, that emits the radio burst relatively farther from the NS surface (Margalit, et. al. 
2020). The periodic phenomena might modulate the orientation or structure of the 
magnetic field affecting magnetospheric phenomenon or jet containment. A mechanism 
for affecting the magnetic field might be some motion of an accretion disk, as ionized 
matter can drag field lines. Early discussions of SGR activity proposed some kind of 
accretion disk, possibly a remnant (e.g. Mereghetti, 2008). Though the Keplerian periods 
of objects near a NS are far shorter than 240 days, it is conceivable that this periodicity 
could be some kind of “beat frequency” with another period, e.g. an orbital period and 
some period of disk motion that are close, but not matching. There is, however, no 
evidence of any such disk, and early relic accretion disk models for SGRs are no longer 
favored (i.e. not mentioned in the recent references herein).  
 
Another origin of periodicity is in regulation of the visibility of emission, a “shutter” or 
alignment mechanism, rather than in the emission itself. How a periodic phenomenon 
might produce conditions favorable for viewing soft gamma and fast radio bursts, or 
periodically remove an obscuration to favor observation, is not obvious. Note that to 
obscure X- and Gamma-rays a substantial column of gas or electrons would be required.  
 
This work in no way addressed burst characteristics such as duration or fluence, nor 
spectral properties. These are clearly physically important, e.g., in GCN 27669 reporting 
the K-W detection of a burst coincident with an FRB, this observation was offered: “The 
burst temporal structure and hardness differ from a typical SGR burst … suggesting a 
possibly different emission mechanism.” However, the similarity of the PWB in all 
SGR1935+2154 X-gamma-ray bursts, and that of repeating FRBs should serve to guide, 
constrain, and refine future models of magnetars and FRBs.   
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